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SURFACE CHARACTERIZATION AND ADSORPTION STUDIES OF BAMBUSA
VULGARIS-A LOW COST ADSORBENT

Daniel Kibami *, Chubaakum Pongener **, K. S. Rao*** and Dipak Sinha****
*Department of Chemistry, Kohima Science College (Autonomous), Jotsoma-797002,
Nagaland, India.
*x *kEx & ****Department of Chemistry, Nagaland University, Lumami-798627, Nagaland,
India.
*e-mail: danielkibs80@yahoo.co.in

Abstract: The raw materials for the synthesis of Activated carbon were taken from the stem and
leaves of the plant Bambusa vulgaris. The raw materials were given thermal treatment which was
subsequently followed by chemical activation using 0.1N HNO; and 0.1N H3PQO,. The parameters
included in the surface characterization of activated carbons consist of FTIR, EDX, SEM and surface
area by BET (method). Activated carbon provides a large surface area with well developed pores.
Adsorption studies of Methylene blue on the activated carbon were studied for removal of dye from

water.

Keywords: Activated carbon, surface area, adsorption studies, methylene blue

Introduction

Activated carbons are known for
their large surface area, microporous
structure, high adsorption capacity, and high
degree of surface reactivity. Depending on
the functional group and ions present on the
surface of the activated carbon, its
adsorption quality varies (Bansal & Goyal,
2005). Some of their important applications
are the adsorptive removal of color, and
other undesirable organic and inorganic
pollutants from drinking water, in the
treatment of industrial waste water. (Bansal
& Goyal, 2005; Berl, 1938). Activated
carbon is obtained from a carefully
controlled  process of  dehydration,
carbonization and oxidation of organic
substances (Bandosz, 2006). It can be
prepared for research in the laboratory from
a large number of materials. However, the
most commonly used ones in commercial
practice primarily industrial and agricultural
byproducts and forest wastes, such as
coconut shell (Radhika & Palanivelu (2006),

sugar beet bagasse (Onal et. al., 2007), rice
straw (Wang et. al., 2007), bamboo
(Hameed et. al. 2007a), rattan sawdust
(Hameed et. al. 2007b), molasses (Legrouri
et. al.,2005), rubber wood sawdust (Kumar
et. al., 2006), oil palm fiber (Tan et. al.,
2007), waste apricot (Basar, 2006), and
coconut husk (Tan et. al., 2008).
Carbonization is a heat treatment at
400-800°C which converts raw materials to
carbon by minimizing the content of volatile
matter and increasing the carbon content of
the material. This increases the materials
strength and creates an initial porous
structure which is necessary if the carbon is
to be activated. Adjusting the conditions of
carbonization can affect the final product
significantly. An increased carbonization
temperature increases reactivity, but at the
same time decreases the volume of pores
present. This decreased volume of pores is
due to an increase in the condensation of the
material at higher temperatures of
carbonization which yields an increase in
mechanical strength. Therefore, it becomes
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important to choose the correct process
temperature based on the desired product of
carbonization (Bansal & Goyal, 2005). After
the initial porous structure has been created
by carbonization, this pore structure in
carbonized char is further developed and
enhanced during the activated carbon
process, which converts the carbonized raw
material into a form that contains the
greatest possible number of randomly
distributed pores of various sizes and shapes,
producing an extended and extremely high
surface area of the product (Bandosz, 2006).
Activation can be carried out by chemical
activation. The objective of this study is to
produce activated carbon from locally
available biowaste with two different acids,
characterization of the produced activated
carbons and finally examine the changes in
the adsorption capacity towards transition
metal ions by the formation of various
oxygen and nitrogen surface functionalities
by oxidation of activated carbons of similar
porosity with nitric acid and phosphoric
acid.

Materials and methods
Preparation of activated carbon

Activated carbon in powder form is
prepared by the pyrolysis of Bambusa
vulgaris (BVC). Stem and leaves of BVC
were collected, washed, dried, and crushed
before carbonizing in a uniform nitrogen
flow in a horizontal tube furnace electrically

heated at 600 'C for 4 hours. Then the
activated carbon was cooled to room and
ground to 45 mesh. These powdered carbons
were subjected to liquid phase oxidation
with 0.1N HNOsand 0.1 N H;PO,. After that
the carbons were washed with double-
distilled water to remove the excess acid and
dried at 150°C for 12hours. All the activated
carbons (BVC) are chemically activated
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with 0.1IN solution HNO3 and H3;PO,. The

powdered activated carbon obtained after
HNO; and H3;PO, treatment has a particle
size in the range of 40-50 um mesh.

Surface characterization of prepared
carbons

Fourier transform infra-red spectroscopy

The spectra were recorded using
Perkin—Elmer SPECTRUM-2000
spectrometer. Carbon samples were dried in
a drier, then 2 mg of each sample was
powdered and mixed with 300 mg of
anhydrous KBr (Merck; for spectroscopy).
The mixture was pressed under vacuum to
obtain the pellets. The spectra were
performed between 4000 and 400 cm-* (100
scans). The background spectrum of air was
subtracted from the spectra of the samples.
The carbon samples were investigated using
this technique.

Energy Dispersive X-ray Analysis (EDX)

Energy Dispersive X-ray Analysis
(EDX) technique is used for performing
elemental analysis or chemical
characterization of a sample in conjunction
with ~ Scanning  Electron  Microscopy
(SEM).For determining elemental content,
the electron-beam strikes the surface of
conducting sample (SEM) .The energy of
the beam is typically in the range of 10-20
keV. This causes X-rays to be emitted from
the irradiated material. The energy of the X-
rays emitted depends on the material under
examination. The X-rays are generated in a
region about 2 microns in depth. By moving
the electron beam across the material a 2-D
(two dimensional) image of each element in
the sample can be acquired. Due to the low
X-ray intensity, images usually take a
number of hours to be acquired. Elements of
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low atomic number are difficult to detect by
EDX.

Determination of surface area (BET
method)

BET-N, adsorption experiments
were carried out manometrically using an
Autosorb (Quanta Chrome Crop). Prior to
gas adsorption measurements, the carbon
samples were degassed at 200 °C in a
vacuum condition for a period of at least 24
h. Nitrogen adsorption isotherms were
measured at a series of different pressures at
-196° C. And the BET surface area was
determined by means of the standard BET
equation.

P 1 -1 P

= + —

VIPE-P,) Vip—C VipCF,
1)

The surface area is determined by
the following equation

Ng ApgVim 10720

Sger =
g Vi

()

Where;

Sger is the BET surface area (m? /g)

Na is Avogadro’s number (6.023 x
10%® molecules/mole)

Ay is the area occupied by an
adsorbate molecule (16.2 A for nitrogen)

V.,  The quantity of gas adsorbed for
monolayer coverage of surface (cm®)

ms is the mass of the solid analyzed (Q)

V\ isthe molar volume of gas (22,414
cm®mol)
For nitrogen as adsorptive gas, equation (2)

becomes
4,35V,
BET —
=

Results and discussion

The results for FT-IR of the two
different carbons activated with HNO; and
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H3PO, are shown in fig. 3 and 4. The band at
3215-3125 cm ' is due to the absorption of
water molecules as result of an O-H
stretching mode of hydroxyl groups and
adsorbed water. The band of asymmetric at
lower wave numbers indicates the presence of
strong hydrogen bonds (Bulut and Aydin
2005; Langmuir and Irving, 1918). Bands at
2714 cm™ are connected with (C-H)s and vs
(C-H)gs vibrations (s=symmetric,
as=asymmetric).The C=O vibration near
1821-1642 cm™ is the specific peak for the
carboxylic acid, aldehydes, ketones, esters
and lactones groups. The v (C=C) vibration
mode at about 1510 cm™ are probably due to
stretching vibration of C=0 moieties of
conjugated systems or aromatic ring
stretching coupled to highly conjugated
carbonyl groups (Aziz et. al.,2011). While the
bands at 1245, and1125 cm™ are clearly
observed and correspond to C-O stretching
bonds in phenols, ethers, lactones. Bands at
1062,and 1068 cm™ correspond to alcoholics
C-O stretching vibration (Chinniagounder et.
al., 2011 ). The formation of C-O stretching
of oxygenated groups may be attributed to
redox reactions of incorporated HNO; and
HsPO, with carbon during the chemical
treatment. The band at wave number below
874 cm™ may be related to out of the plane
bending modes. The BET specific surface
area of BVC (HNO;) sample shows high
surface area of 570 m%g , as compared to
other activated carbons under study. It can be
concluded that the surface area of the
resulting activated carbons can be designed
by wvarying the amount of the activation
agents (Sivakumar and Palanisamy, 2009; EI-
Sayed, 2011).The micrographs from SEM
analysis of the activated carbons show a
highly developed pore structure for both the
adsorbents. It is evident that there are larger
numbers of pores present in the activated
carbon produced using Nitric acid (HNO3y)
activation than the activated carbon obtained
from phosphoric acid (H3PO,). EDX show
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that the carbon samples primarily consist of
carbon and oxygen at varied proportions. The
carbon and oxygen content is higher in BVC
(HNQO3) and less in BVC (H3PO,). EDX
analysis of the samples practically does not
show the presence of Nitrogen; neither does it
show Phosphorus which could explain the
rather good adsorbent properties observed
particularly for this activated carbon.
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Properties B.V.C(HNO3) | .V.C(HsPO,)
Surface area 570 530

m?/g (BET

method)

Elem | Weig |Ato |K- |Z |A |F
ent ht % | mic Rat
% io
CK 83.7 |8795(05 |1. (06|10
5 4 0
OK 140 (1104|100 |[0. 01|10
0 1 9 0
SiK 224 |101 (01 |0. |08]10
8 9 |8 0
SK |001 |000 [00 |O0.|09]10
0 9 |8 0
CaK |0.00 |0.00 |00 |O.|10]10
0 9 |5 0
Total | 100 | 100

Table 1: surface area of Bambusa vulgaris

Element | Weight | Atomic K- 4 A F
% % Ratio
CK 87.12 90.14 0.7 1.0 | 0.80 | 1.000
OK 12.56 9.75 0.0 0.9 | 0.13 | 1.00
SK 0.12 0.05 0.0 0.9 | 101 | 1.00
CaK 0.19 0.06 0.0 0.9 11.05 | 1.00
Total 100 100

Table 2: Elemental composition from EDX
of BVC (HNO,)

Table 3: Elemental compgsition from EDX

of BVC (HsPO,)
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Fig 1: EDX spectra of BVC (HNQO,)
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Fig 2: EDX spectra of BVC (HsPO,)
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Fig 3: FTIR spectra for BVC (HNO,)
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Fig 4: FTIR spectra for BVC (HsPOy)

Conclusions

Activated carbon was prepared from
stem and leaves of Bambusa vulgaris (BVC),
for which thermal treatment subsequently
followed by chemical activation using
different acids were done. The principle
behind the chemical activation of activated
carbon was to introduce certain functional
groups on the surface of the carbon in order
to enhance the adsorption capacity. Surface
characterization of the adsorbents from
FTIR, EDAX and BET method have been
done to compare the effectiveness and
adsorption capacity between the two
activated  carbons  understudy.  The
adsorbents BVC (HNO;) has the better
adsorption characters due to high surface
area of 570 m?/g as compared to 530 m/g
for BVC (H3PQy) , This is well supported by
the EDAX data’s. EDAX studies further
strengthen the fact that BVC (HNOs) is the
better activated carbon produced with the
higher carbon content and the less oxygen
content. Thus it may be concluded that the
chemical structure of the activated carbon
were found to be influenced markedly with
its activation scheme and thus chemical
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activation by nitric acid is far more better
than phosphoric acid.
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A STUDY ON THE PREVALENCE OF DISEASES IN RURAL AREAS OF NAGALAND
DURING 2011

Sheikh Faruk Ahmed
Department of Statistics, Kohima Science College (Autonomous), Jotsoma-797002,
Nagaland, India
e-mail: sh.farukahmed@gmail.com

Abstract: Health status of a population is a major concern for every welfare state. Nagaland is
always at risk for occurrence of outbreak of vector borne diseases along with asthma, jaundice, TB
and diseases of liver. The objective of this study is to find the disease specific prevalence rates of
morbidity in rural areas of Nagaland. This study is based on cross-sectional primary household
data. The sample consists of 5404 persons selected from 23 villages of Kohima and Dimapur
districts of Nagaland by using multistage sampling technique. Sample data revealed that total of
886 (164 per 1000) were suffering due to diseases. Of this 497 (92 per 1000), 388 (72 per 1000) and
504 (93 per 1000) were suffering due to acute, chronic and infectious diseases respectively. The
leading causes of ailments were lower respiratory infections (LRI) (25 per 1000) followed by
cardiovascular diseases (22 per 1000), diabetes (15 per 1000), malaria (13 per 1000) and gastro

intestinal diseases (11 per 1000). Children were mostly affected by the infectious diseases.

Keywords: Ailment, morbidity, prevalence, disease, Nagaland.

Introduction

Health is a leading characteristic of
the members of a population, akin to other
demographic and socioeconomic
characteristics. The World Health
Organization (WHO, 1946) has defined health
as ‘a state of complete physical, mental and
social wellbeing and not merely the absence
of disease or infirmity’. Health is generally
thought of as a basic right of citizens
(Humphreys and Rolley, 1991) yet there
exists many inequalities in the levels of health
experienced by a population. This is
particularly so of people living in rural areas
(AIHW, 1998). Health is a major concern of
every population. It is the general desire of
every population to be in good health which
means free of diseases. But, it is not

pragmatic to think of a population which is
not suffering from any kind of disease.
Therefore, health status of population and
their studies have received considerable
importance since the past many decades.

The diseases that are responsible for
the cause of illness and death can be classified
mainly in two categories- communicable and
non-communicable or degenerative diseases
(Murray and Lopez 1996). The deaths due to
communicable diseases have drastically gone
down during the last few decades, whereas
deaths from non-communicable or
degenerative diseases like cardiovascular
diseases are alarmingly increasing
(Gaminiratne, 1984). This phenomenon has
occurred in all developed countries, and the
developing countries are in transition towards
this state (Crimmins et al., 1994). The
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epidemiologic transition characterized by a
decline in infectious or communicable
diseases, which disproportionately strikes
young children, and a corresponding rise in
the proportion of deaths and of morbid
episodes that occur among adults (Omran,
1971). It is estimated that by the year 2025,
majority of the developing countries are likely
to face an enormous burden of chronic non-
communicable diseases (WHO, 2001).

Prevalence of a disease indicates how
common the disease is in a population and
can be explained by measuring the morbidity
rates. The prevalence of most diseases has
increased in the older population as people
survive longer with disease and the reduction
in incidence does not counter the effect of
increased survival (Crimmins, 2004).

The prevalence of some diseases such
as tuberculosis, asthma, jaundice and malaria
are much more in Nagaland compared to all
India level (NFHS-1I; 1998-99). Nagaland is
always at risk for occurrence of outbreak of
mosquito borne diseases (Datta et al, 2010).
The morbidity rate, a measurement of
incidence or prevalence of diseases, is not
only increasing in Nagaland over the period
1995 to 2004, but it is increasing faster than
all India level (NSSO, 1998, 2004).

Objective

In this backdrop, our objective is to
study the prevalence of different types of
diseases in the rural areas of Nagaland in
2011.
Materials and Methodology

Data
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This study is based on cross-sectional
primary data collected through household
survey during May-June, 2011 from 23
villages of Kohima and Dimapur districts for
the purpose of a Minor Research Project
(MRP) sponsored by UGC-NERO Office,
Guwahati. The multi-stage sampling design
was adopted to collect data. Altogether, we
interviewed 5404 respondents from 1150
households. The enquiry on morbidity or the
prevalence of diseases was conducted with a
reference period of 30 days. All spells of
ailment suffered by each member of the
sample household during the 30 days
preceding the date of enquiry, whether or not
the patient was hospitalised for treatment,
were covered in the survey. A respondent was
classified as afflicted by any disease if he/she
is reported to be ailing due to any kind of
disease within the reference period. The
morbidity data collected in the survey are
based on the respondents’ own assessment of
their medical status, rather than on medical
examination. The diseases are classified as
infectious and non-communicable diseases
according to the International Classification
of Diseases 10" Revision (ICD-10) (Canadian
Institute for Health information, 2012).
Moreover, the identification of particular
disease was done in consultation with a
government doctor of Nagaland on the basis
of the collected information regarding the
diseases’ symptoms.

Methodology

This paper basically describes the
disease specific morbidity prevalence in the
rural areas of Kohima and Dimapur districts
of Nagaland. The prevalence rate of any
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ailment or its morbidity is defined by
Morbidity Prevalence Rate = % x1000

Where, M=Number of ailing persons in the
sample households and P= Total number of
persons alive in the sample households.

Results

From the sample data, we found that
total of 886 (16.4%) were suffering due to
diseases of which 497(9.2%), 388(7.2%) and
504(9.3%) were suffering due to acute,
chronic and infectious diseases respectively.
The disease and age specific morbidity
prevalence rates in the rural areas of
Nagaland is presented in Table-1. It is evident
from this table that the leading causes of
morbidity in the rural areas of Nagaland were
lower respiratory infections (LRI) (2.5%)
such as influenza, pneumonia, etc, followed
by cardiovascular (2.2%), diabetes (1.5%),
malaria (1.3%) and gastro intestinal diseases
(1.1%). The leading causes of morbidity
among the children of age groups 0-5 & 6-17
years are LRI (7.1% & 2.6%) followed by
diarrhoea (2.1% & 1.1%), measles and
chicken pox (1.4% & 1.1%). The adults of
age group 18-45 were suffering mainly due to
LRI (5.4%) followed by gastro intestinal
diseases (1.5%), malaria (1.4%) and renal
problems (1.3%). On the other hand people of
age group 45-59 were mostly suffering from
diabetes (7.1%) and cardiovascular (6.5%)
while the main causes of suffering for persons
of age 60 years and above were non-
communicable diseases such as
cardiovascular (16.7%) followed by cancer
(9.7%), diabetes (4.8%), bronchitis (3.6%)
and arthritis (3.0%).
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Within the morbid episodes, 56.88%,
43.79%, 38.60% & 24.94% were suffering
due to infectious, chronic, non-communicable
and respiratory diseases respectively (Table-
2). It is also observed that the children in the
age group 0-5 years were suffering only due
to infectious diseases (Table-1) while 72.9%
(113 of 155 morbid persons) and 87.1% (135
of 155 morbid persons) of the older persons
(60 years & above) were suffering due to non-
communicable and  chronic  diseases
respectively.

As expected, the disaggregated
morbidity prevalence rates due any of disease
by age provide ‘J’ shaped curves (Figure-1)
indicating that the prevalence rates are higher
among children and are much higher among
the aged persons.

Discussion

The observed high rate of morbidity
prevalence (164 per thousand populations) in
the rural areas of Nagaland is consistent with
the increasing trend found in the earlier
surveys (NSSO, 1998, 2004). The morbidity
rates in the rural areas of Nagaland were 31
and 61 per thousand populations respectively
in 1995-96 (NSSO, 1998) (52™ round) and
(NSSO, 2004) (60" round) (15 days reference
period were taken in both rounds). These
figures could be nearly 50 in 1995-96 and 102
(almost double) in 2004 per thousand
populations provided 30 days reference
period would be considered in the survey. On
the other hand, the morbidity rates in regard
to India (Rural) were 64 per thousand
population in 1986-87 (NSSO 42™ Round
with 30 days reference period) and 55 per
thousand in 1995-96 (NSSO, 1998) (52™
round) with 15 days reference period). This
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figure stood at 86 per thousand (an increase of
about 60%) derived by recalling the 30 days
reference period in 1995-96. The morbidity
further increased to 88 per thousand (NSSO,
2004) (60™ round) with 15 days reference
period (which certainly would be nearly 140
if 30 days reference period is considered) in
2004. This suggests that the morbidity in
respect to rural areas of Nagaland is
increasing in a pace more than the all India
level.

We also observed that out of the total
morbid persons nearly 57% (503 out of 886)
were suffering due to infectious diseases and
30% (265 out of 886) were due to non-
communicable chronic diseases (such as
cardiovascular, diabetes, arthritis and renal
diseases) which can be considered to be very
high. This finding is consistent with some
previous study (Sundar and Sharma, 2002;
World Bank Report, 1993). In their study,
Sundar and Sharma (2002) found that the
infectious diseases account for 51.7% and
58.5% of the total number of reported
morbidity episodes respectively in Delhi and
Chennai slum areas. Also, according to World
Bank report (1993), the morbidity prevalence
due to infectious diseases is more dominant in
the underdeveloped and developing countries.
The finding also establishes the fact that the
prevalence of non-communicable diseases has
been disproportionately increasing compared
to communicable diseases. In some earlier
studies, it has been observed that the burden
of diseases has been shifting from
communicable towards non-communicable
chronic diseases (Gaminirate 1984; Crimmins
et al. 1994). The prevalence of high morbidity
rate indicates that though the people are living
a longer life with increase in expectation of
life at birth, they are living in ill health.
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Within the morbid episodes, we
observed that children below 6 years of age
were suffering only due to infectious diseases
while the older persons of age 60 years and
above were mostly suffering from chronic
diseases. Similar results were observed in
another study (Sundar and Sharma, 2002).
They observed that in the case of children,
more than 80% and nearly 90% of the
reported illness in Delhi and Chennai slums
respectively were due to infectious diseases.
In the case of the old (60+ age), more than
80% of the reported illness episodes were
chronic in nature. Moreover, we observed that
about 25% of the total morbid persons were
due to respiratory diseases such as T.B.,
Asthma, Bronchitis and LRI alone. In a study
Bronchitis and Asthma, Pneumonia and
Tuberculosis of lungs was suggested as one of
the five major cause of deaths in rural India
(Agnihotram and Chattopadya, 2005). We
observed high morbidity rate due to chronic
diseases in the rural areas of Nagaland. In one
of the study in Andhra Pradesh, it is found
that chronic diseases are the leading cause of
death in rural India (Joshi et al., 2006).

The observed ‘J’ shaped pattern of
the relationship between age and morbidity
prevalence due to any diseases indicating that
the children and aged are more susceptible to
diseases are similar to some earlier studies
(Kannan et al, 1991; Gumber and Berman,
1997; Shariff, 1995; NSSO, 1998; NSSO,
2004). Moreover, there exists significant
relationship between age differentials and
morbidity prevalence due to any disease.
These findings are consistent with earlier
findings (Dilip, 2007; NSSO, 2004; Ghosh
and Arokiasamy, 2009).
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Conclusion

Government needs to pay special
attention to eradicate the infectious diseases
that affects mostly the children in the rural
areas of Nagaland. Also, the observed high
morbidity rate due to non-communicable
chronic diseases is a matter of great concern
as it is the major cause of ill health leading
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ultimately to death.

Table-1: Age and Disease Specific Morbidity Prevalence Rate in the rural areas of Nagaland during 2011:

Sl. | Name of Disease Age (in years) Total
No. 0-5 6-17 18-45 46-59 60 &
above
1 Tuberculosis - 4(3) 17(6) 10(17) 7(21) 38(7)
2 Hepatitis 3(7) 1(1) 6(2) 3(5) - 13(2)
3 Asthma 1(2) 5(4) 21(8) 5(8) - 32(6)
4 Bronchitis 1(2) - 2 (1) 1(2) 12(36) 16(3)
5 Malaria 5(12) | 13(10) 38(14) 11(18) 3(9) 70(13)
6 LRI 30(71) | 35(26) 54(20) 12(20) 4(12) 135(25)
7 Cardiovascular - 3(2) 23(9) 39(65) | 55(167) | 120(22)
8 Diabetes - - 24(9) 43(71) 16(48) 83(15)
9 Liver Cirrhosis - - 15(6) 11(18) 1(3) 27(5)
10 | Cancer - 1(1) 6(2) 6(10) 32(97) 45(8)
11 | Arthritis - 1(1) 13(5) 3(5) 10(30) 27(5)
12 | Diarrhoea 9(21) | 15(11) 20(7) 1(2) 2(6) 47(9)
13 | Renal disease - - 34(13) 1(2) - 35(7)
14 | Chronic dysentery 1(2) - 17(6) 3(5) 2(6) 23(6)
15 | Emphysema - 1(1) 3(1) 4(7) 4(12) 12(2)
16 | Measles and chicken | 6(14) | 15(11) 3(1) - - 24(4)
pox
17 | Diphtheria 4(10) 1(1) 1(0.4) 1(2) - 7(1)
18 | Gastro int. diseases 1(2) 7(5) 40(15) 8(13) 5(15) 61(11)
19 | Typhoid - - 7(3) 3(5) 2(6) 12(2)
20 | Eye Infection 2(5) 3(2) 5(2) 4(7) - 14(3)
21 | Others - 6(5) 32(12) 7(12) - 45(8)
22 | Overall Morbidity 1496 | 8.31% 14.03% | 29.24% | 46.97% | 16.40%
(in%) %

N.B. Figures in bracket represents morbidity prevalence per 1000 population within that age group.
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Table-2: Percentage distribution of prevalence of different types of diseases of the total 886 morbid
persons observed in the sample.

Disease Type Number of Morbid Persons Percentage
Infectious Diseases 504 56.88
Chronic Diseases 388 43.79
Non Communicable Diseases (NCD) 342 38.60
Respiratory Diseases 221 24.94
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Figure-1: Curve showing the morbidity prevalence due to any disease in different age groups.
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DE-MIXING OF BINARY FLUID MIXTURE IN PRESENCE OF SORET AND DUFOUR
EFFECTS IN MHD NATURAL CONVECTION FLOW IN POROUS MEDIA

Hemanta Konwar
Department of Mathematics, Kohima Science College (Autonomous), Jotsoma-797002
Nagaland, India
e-mail: hemanta.konwar@gmail.com

Abstract: De-mixing of a binary fluid mixture of incompressible viscous fluids in MHD natural
convection flow in an infinite porous media bounded by a vertical impervious wall is studied
numerically by taking into account the Soret and Dufour effects. The concentration profiles are
drawn and the effects of Hartmann, Dufour and Soret numbers are exhibited graphically. It is
observed that separation near the plate increases with the increase in the Hartmann, Soret and

Dufour numbers.

Keywords: Soret effect, Dufour effect, Binary fluid, porous media.

Introduction

Natural convection in a fluid saturated
porous medium has attracted considerable
attention in the last several decades due to its
many important engineering and geophysical
applications. Comprehensive reviews in this
field have been made by Nield and Bejan
(2006), and Ingham and Pop (1998, 2002) in
their books. Several researchers such as Bejan
and Khair (1985), Makinde (2005), Makinde
and Ogulu (2008), lbrahim and Makinde
(2011) have studied free convection heat and
mass transfer problems neglecting Soret and
Dufour effects on the basis that they are of a
smaller order of magnitudes. However,
exceptions are observed therein. The Soret
effect has been found to be utilized for isotope
separation, and in mixture between gases with
very light molecular weight (H,, He) and of
medium molecular weight (N, air). Similarly,
the Dufour effect is also found to be of the
order of considerable magnitude such that it
cannot be ignored (Eckert and Drake (1972)).
In view of the importance of above mentioned
effects, Kafoussias and Williams (1995),
Anghel et al. (2000). Postelnicu (2004), Alam
and Rahman (2006) discussed free/forced
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convective heat and mass transfer boundary
layer flow by taking into consideration the
Soret and Dufour effects. In all of the above
mentioned investigations the concentration of
one component of the binary mixture has been
taken to be constant at the plate.

The objective of the present paper is to
investigate Soret and Dufour effects on de-
mixing of an electrically, thermally
conducting and  chemically  reacting
incompressible viscous binary fluid mixture
about a vertical stationary flat plate embedded
in a saturated porous medium, using Darcy
Boussinesq model considering the plate to be
insoluble in the fluid in presence of a uniform
magnetic field applied in a direction
perpendicular to the plate.

Mathematical Formulation

We consider the steady two-dimensional
natural convection flow of Newtonian binary
fluid mixture in a porous medium bounded by
an impervious vertical stationary flat plate
with constant wall temperature T,, in presence
of a uniform magnetic field intensity By
applied in a direction perpendicular to the
plate. The temperature of the ambient medium
is T, where T, > T, and C, is the
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concentration of the binary fluid mixture far
away from the plate. The Xx-coordinate is
measured along the plate from its leading
edge, and the y-coordinate normal to it.

Saturated porous
medium

v V0

. Thermal  boundary

oncentration
boundary layer

elocity  boundary

layer
00>

O O Y

Figure 1: Physical model and coordinate
system

Under the boundary layer and Boussinesq
approximations, the basic boundary layer
equations describing the conservation of mass,
momentum, energy and concentration can be
written as follows:

%+%=n, (1)
u(1+""“5' ):% A(T—T,)+
B.(C—C]
’ar ar 8T D k7 A%C (2)
Ve T e T agar O
u%+tﬂz—;=ﬂmg %g—f{(c—
Ce)

4)

where u and v are fluid velocity components
along the x and y-axes,#is the kinematic
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viscosity, g is acceleration due to gravity, g is
the density, [Sr and 5. are the coefficients of

thermal  expansion and  concentration
expansion, k is the Darcy permeability, @, is

the thermal diffusivity, D,, is the mass

diffusivity, T, is the mean fluid temperature,
kr is the thermal diffusion ratio and C; is the
concentration  susceptibility, K is the
dimensional chemical reaction rate parameter,
C is the concentration of the rarer and lighter
component of the binary fluid mixture and T
denotes the temperature of the binary fluid
mixture.

The boundary conditions are

a a
u=0, T = Ty, —"’+§a—r—ﬂ aty=0 |(5)
-7, C—C, asy—x®
We now introduce the following
dimensionless variables:
n=(%)RaZ, ¥ = a,.RaZf(), (6)
T—Tx _ _
6=1—, ¢=(C—Ca)/Ca,

where 4 is the stream function that
satisfies the continuity equation (1) and is
defined as u = Zib ,# = —— and
¥

dx
Ra, = gkPr(T, — To)x/(vay,) is the local
Rayleigh number.

Introducing the relation (6) into the
Equations (2) to (4) we obtain the following
governing equations:

(1+M2)f =6+Ng, (7
6" +2f6 +Dpop =0, 8)
o+ (L?“)fq:r# LeSr8 —Leyp =0  (9)

where M, Le, Dy, Sr, N and y are Hartmann,
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Lewis, Dufour, Soret numbers, buoyancy
parameter and dimensionless chemical
reaction rate parameter respectively and are
defined as

kous HE b
= | —re 0 = -m =
DOmbkrln L ]
—_—S5r=———"""—,N=
Cropttm(Hy—Te) TmomCe
_Peta andy = Kar?
E‘]":j']"“-—']"xj ¥ Emiay
The boundary conditions are now
transformed into
f=0,6=1,¢ +LeSrd =0,
atn =10 (10)
and
§—=0,6—=0 atyg — = (11)

Equations (7) to (9) are non-linear
coupled ordinary differential equations and so
their solution in closed form is not possible.
Hence the set of equations (7) to (9) under the
boundary conditions (10) and (11) have been
solved numerically by using bvp4c.

Result and Discussion
calculations have been

various values of the
and Sr. Two cases are

Numerical
carried out for
parameters Dy
considered

Case I: N=1, M =1, D; =0.2, Sr = (0.2, 0.6,
0.9),y=0.5and Le =1.

Casell: N=1,M=1,D¢= (0.1, 1, 3), Sr=0.2,
y=0.5and Le =1.

The numerical results for
concentration profiles are displayed in figures
21to 3.

It has been noticed from the figures 2
to 3 that concentration of the rarer and lighter
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component of the binary fluid mixture is less
near the plate than its value at the edge of the
boundary layer. Concentration of the rarer and
lighter component increases sharply, attains its
maximum value at about 7 =2 and then

decreases slowly to reach a fix value at the end
of the boundary layer. Figures 2 to 3 reveal
that concentration of the rarer and lighter
component of the binary fluid mixture
decreases near the plate due to increase in the
values of the parameters Sr and Dy but reverse
effect is observed away from the plate.

02r

01

oL

R

=

02"

031"

045

-0.5

0 é ¢It é é 1‘0 1‘2 1‘4 1‘6 1‘8 2‘0
N —->

Figure 2: Concentration profiles for various

values of Sr

F I T T I T TR T T
T

Figure 3: Concentration profiles for various

values of D

Conclusion
From the above discussions we conclude

that the effects of Soret and Dufour are to
enhance the process of separation by throwing
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away the rarer and lighter component of the
binary fluid mixture away from the plate and
collecting the heavier and more abundant
component near it.

Thus, conclusion derived in this paper
suggests that gas separating instruments can
be installed in big cities where harmful gases
are present in very small quantities that can be
sucked after separating them and as such
pollution can be controlled.
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Abstract: To ascertain the provenance and depositional environment and also the rock
nomenclature of the Palaecogene Disang — Barail Transitional Sediments (DBTS) the study was
undertaken along the tip of the Kohima Synclinorium, south of Kohima town. Twenty samples
from the area have been analyzed quantitatively and semi quantitatively for major and trace
elements. Based on the observations it may be inferred that the sediments in the study area are
Quartzose sandstones to litharenites and greywackes. Ratios of significant major oxides suggest
acidic and basic materials of granite and granodioritic source. Sediments exhibit chemical
maturity and were deposited in semi humid to humid climatic condition and were deposited in a
eugeosynclinal and marine environment of deposition.

Keywords: Disang-Barail Transitional Sediments (DBTS), Kohima Synclinorium, Tectonic
provenance, Palaeoenvironment, Major and Trace elements.

Study area Geological framework
The study area (Fig.1) forms a part Geologically, the Northeast India
of the Kohima Synclinorium (Fig.2) lying at represents northern part of an orogenic
a distance of 4kms south of Kohima province, termed Assam-Arakan. Two
(Lat.25° 40 N; Long.94° 08E), a district orogenic belts warp around its northeastern
headquarter and the capital town of corner marking the zone of plate
Nagaland state bordering Manipur . It is convergence. The Himalayan belt on the
bounded by Latitudes 25° 32 N — 25° 36 N, north marks the India-Asia plate collision
and Longitudes 94° 05 E — 94° 10 E of the zone and the Assam-Arakan belt (IBR) on
topographic sheet no. 83 K/2 of Survey of the southeast marks the collision front of
India and covers nearly 100 sqg.kms the Indian plate with the amalgamated Indo-
including Phesama, Kigwema, Jakhama, Sinian and Malayasian plates (Acharyya,
Viswema and Khuzama villages. The 1991; Biswas et al. 1993). A north-south
National Highway No0.39 passes almost convergence of India and Asia has resulted
through middle of the study area connecting in a straight collision while northwest-
Dimapur (Lat. 25° 51 N; Long 93° 48' E), southeast convergence of the Indo-Sinian
the nearest railhead and airport located to plate culminated into an oblique collision
the north west of Kohima at a distance of 74 (Deweye et al., 1989; Burchfiel, 1993;
kms. Uddin and Lundburg, 1998 a &b, Naik,
1998). In the Assam-Arakan region,
suturing extended progressively
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southwestward like a zipper as the two
continental plates converged obliquely with
a pole in the Naga Hills region (Biswas and
Agarwal, 1990. Three distinct facies - deep-
sea flysch, shallow marine shelf and
continental sediments (molasse) have been
recognised by earlier workers. Marine shelf
facies and continental facies together
characterise the Assam region where as
deep-sea facies dominate the Naga Hills.

Methodology

The geochemical composition of
the terrigenous sedimentary rocks is a
function of the interaction of variables such
as provenance, weathering, transportation
and diagenesis. The relationship among the
framework  grains  of  sandstones,
provenance type and tectonic settings of
sedimentary basins is shown by Crook
(1974), Schwab (1975) and Dickinson and
Suczek (1979). The chemical composition
of sedimentary rocks, therefore provides an

insight into their evolution and the
geochemical processes involved
(Pettijohn,1975; Meclennan and

Taylor,1991). Excellent chemical indicators
for petrographic composition of sandstones
are TlOZ, A|203, F9203, Nazo and Kzo
(Kukal, 1968). Geochemical studies are
particularly important in dealing with
altered clastic sedimentaries and are found
useful in  discriminating  sediment
composition into broadly defined tectonic
or sedimentary environments (Argast and
Donnelly, 1987). The bulk chemical
composition also  throws light on
palaeoclimate and gives an idea of the
chemical maturity of the rocks (Potter, 1978
b; Suttner and Dutta, 1986). Several factors
including pressure and temperature, the
physical and chemical properties control the
presence of trace elements in sandstones
(Taylor, 1965), The presence of certain

20

VOL.3, 2016

trace elements in sedimentary rocks is
indicative of the mode of formation and
environment of deposition of the sediment (
Majumder et al., 1980).

To ascertain the provenance and
depositional conditions, and also the rock
nomenclature, twenty samples of the Disang
- Barail transitional sandstones were
quantitatively analysed for the major oxides
and fifteen samples were  semi-
guantitatively analysed for trace elements.

Results and discussion

Analysis of the twenty samples for
major oxide include SiOZ, AI203 Fe203,

TiOy, MnO, CaO, MgO, Na,O and K,O

(Table.1). They range from 86.10 to 73.46
%, 10.28 to 5.71 %, 6.78 to 1.77 % , 1.20
to 0.20 % , traces to 0.09 % , 0 to 3.36 % ,
1.96 to 0.03 % , 1.34 to 0.50 % and 1.80 to
0.25 % respectively. The average
percentages are 80.13, 8.25, 3.98, 0.70,
0.03, 1.07, 0.89, 0.86 and 297 %
respectively. Values of Si, Al and FeT
(Total Iron) calculated from their oxides are
shown in table .2.

The ratios of some significant
major oxides are shown in table.3. The
TiO, / Al,Ogq ratios range from 0.02 to 0.20

and average 0.08. The ratios suggest acidic
and basic materials besides humid climatic
conditions at the time of deposition of the
sediments (Spears and Stiriov, 1976). K,O/

Na,O ratios range between 0.47 to 9.62

with more than 60 % of the samples
showing a ratio less than 1 which points to
an  eugeosynclinal  environment  of
deposition (Middleton, 1960).

The values of (SiO, + TiOy),

AI203 and remaining oxides, excluding

MnO are recalculated to 100 percent (Table.
4) and used as end members in a ternary



diagram (Fig .3) following Kukal (1968) for
rock nomenclature. Plots suggest that
sandstones be catagorised as quartzose
sandstone. Na,O percentages are plotted

against those of K,O in a binary diagram

(Fig.4) following Pettijohn (1984) and plots
indicate that the sandstones are of
greywacke catagory. Following Herron
(1988), log values of Fe,05 / K5O ratios

are plotted against those of SiO, / Al,O4

(Table.3, Fig. 5) in a binary diagram.
According to this scheme, the sandstones
may be termed as litharenites and
greywackes.

The percentages of CaO, Na,O and

K50 and Fe,O3, MgO and TiO, (Table. 4)

are recalculated to 100 percent and plotted
in ternary diagrams (Fig.6 and 7) following
Condie (1967). The diagrams suggest a
granite-granodioritic ~ source  for  the
sediments. SiO, percentages are plotted

against those of Al,O5 , K,0 and Nay,O

combined (Fig. 8) in a binary diagram
following Suttner and Dutta (1986) which
indicate prevalence of semi-humid climate
at the time of deposition of the Disang -
Barail transitional sediments.

The values of (Fe,O5 + MgO)

Na,O and K,O (Table.4) recalculated to

100 percent and plotted in a ternary diagram
(Fig. 9) following Blatt et al., (1980),
indicate an eugeosynclinal environment of
deposition . The higher Al,O5 / NayO

values (> 6) indicate chemical maturity.
The positive co-relation between Na / Al
and K / Al (Fig.10) ratios implies that there
is no separation of the sediments into mica
rich or feldspar rich fractions. Such
absence of feldspars in the sediments is
reflected , in general, by higher Na / Al
ratio than K / Al ratio and no co-relation

LILY SEMA
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between Na,O and SiO, (Fig. 11). Lower

values of Na / Al and Na / K ratios
(Pettijohn, 1957; Crook, 1974 and Sayeed,
1993) indicate mineralogical maturity . The
lack of co-relation between Fe203 and

Al,O5 (Fig 12) and between MgO and
Al,0O4 (Fig.13) indicate that the sediments

do not contain clays in significant amounts.
The plot of Al,O4 versus SiO, (Fig. 14) do

not show any definite trend indicating that
the quartz to feldspar ratios are highly
variable and also the fine grain matrix may
have contained somewhat more illite
content . Poor co-relation between K,O and

Al,O5 (Fig. 15) indicates that the K,O /
Al,O5 ratio has been disturbed by the

alteration of the feldspars and thus a linear
trend is not seen.

The trace elements analysed are Pb,
Sn, Cr, W, Ge, Ir, Bi, Ti, Mo, V, Nb, Ta,
Zr, La, Y, Yb, Mn, Se, Be, Ba, Sr, Ga, B
and Rb (Table. 5) in parts per million
averaging < 10, < 10, 52.06, < 100, < 10,
<10, < 20, <1000, < 10, 13.66, < 30, < 500,
< 30, < 50, < 30, < 5, <10, >30, < 5,
182.00, <50, < 10 and <10 respectively.
Following Degens et al., (1957), ppm B, Rb
and Ga recalculated to 100 percent are
plotted in a ternary diagram (Table.5.
Fig.16) which indicates a marine
environment of deposition for the Disang -
Barail transitional sediments. Simillar
results are also obtained when ppm B is
plotted against ppm Rb and ppm Ga (Fig.17
and 18) in a binary diagrams after Degens et
al., op.cit.

Conclusion

Based on the above results and
observations it may be inferred that the
sediments in the study area derived their
detritus largely from a recycled orogen
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comprising all the three kinds of source
terranes  viz.  subduction  complex
provenance, collision orogenic provenance
and arc orogenic provenance which are
made up of acidic and basic materials
formed in humid climatic condition

The Palaeogene Disang-Barail transitional
sequences of the study area vary from
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quartzose sandstone to lithic arenite and
greywackes. The study reveals chemical
and mineralogical maturity of the
sediments. The sediments were deposited in
an eugeosynclinal depositional environment
under marine condition.
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Table 1(a): Major Oxide Composition (percentage) of the Palaeogene Disang-Barail
Transitional sediments.

S.No Sio, AL,0; [ Fe,0; [TiO, MnO Ca0 MgO [NaO [K,0 L.O.
L1 75.66 | 8.40 4.97 0.99 0.08 0.97 1.38 0.63 0.52 6.39
L2 7412 | 9.58 6.78 0.30 0.09 2.80 0.09 1.34 1.50 3.18
L5 80.80 [ 7.14 451 0.30 0.05 3.36 0.06 1.00 1.20 1.54
L6 83.96 | 8.30 2.27 115 Traces | 0.61 111 0.70 0.42 1.49
L7 8144 [10.08 [295 0.62 Traces | Nil 0.86 1.09 0.98 1.97
L18 86.10 | 5.71 2.97 0.20 0.04 2.24 0.05 0.67 0.90 1.11
L23 7885 [1028 [3.90 0.91 0.03 Nil 1.49 1.10 0.80 2.63
L24 80.41 | 6.41 4.79 1.20 0.03 Nil 1.69 0.80 0.74 3.92
L29 7789 | 847 5.50 1.05 0.02 0.47 1.87 0.90 0.76 3.06
L30 8258 [ 8.50 1.77 1.24 0.04 0.61 1.22 0.98 1.32 1.74
L31 7346 | 7.95 8.40 0.20 0.02 1.68 0.08 1.00 1.80 5.40
L33 7812 | 6.47 5.30 1.33 0.02 0.48 1.96 0.50 0.25 5.56
L34 84.43 [ 7.94 2.64 0.78 0.03 0.48 1.30 075 0.47 1.17
L37 8165 |9.33 3.37 0.89 0.04 0.58 1.03 0.60 0.29 2.21
L38 7814 | 9.58 5.08 0.20 0.06 1.68 0.09 1.00 1.50 2.30
L39 7955 [ 871 3.51 0.98 0.09 1.80 1.59 1.00 0.56 2.00
L40 82.82 | 7.65 2.85 0.30 0.05 0.54 1.10 0.91 1.00 2.50
L41 76.41 | 9.25 3.15 1.13 0.03 1.90 0.90 0.72 0.47 5.56
L42 8211 [6.95 2.65 0.20 0.02 0.72 1.20 0.94 0.87 4.25
L43 8426 | 8.42 2.28 0.20 0.02 0.60 0.38 1.21 1.01 1.60
Average | 80.13 [ 8.25 3.98 0.70 0.03 1.07 0.97 0.89 0.86 2.97
Table : 1(b): Major Oxide ( in percentage) Volatile — free in the Palaeogene
Disang — Barail Transitional sediments.
S.No Sio, AL,O; [ Fe,0; TiO, MnO Ca0 MgO Na,0 K,0
L1 80.83 8.97 5.30 1.05 0.08 1.03 1.47 0.67 0.55
12 76.55 9.89 7.00 0.30 0.09 2.89 0.09 1.38 1.54
L5 82.06 7.25 4.57 0.30 0.05 3.41 0.06 1.01 1.21
L6 85.22 8.42 2.30 1.16 Traces 0.61 1.12 0.71 0.42
L7 83.07 10.28 3.00 0.63 traces Nil 0.87 1.11 1.02
L18 87.06 5.77 3.00 0.20 0.04 2.26 0.05 0.67 0.91
123 80.97 10.55 4.00 0.93 0.03 Nil 1.53 1.12 0.82
124 83.69 6.67 4.98 1.24 0.03 Nil 1.75 0.83 0.77
129 80.34 8.73 5.67 1.08 0.02 0.48 1.92 0.92 0.78
130 84.04 8.65 1.80 1.26 0.04 0.62 1.24 0.99 1.34
131 77.65 8.40 8.87 0.20 0.02 1.77 0.08 1.01 1.90
133 82.71 6.85 5.61 1.40 0.02 0.50 2.07 0.52 0.26
134 85.42 8.03 2.67 0.78 0.03 0.48 131 0.75 0.47
137 83.49 9.54 3.44 0.91 0.04 0.59 1.05 0.61 0.29
138 79.97 9.80 5.19 0.20 0.06 1.71 0.09 1.01 1.53
139 81.17 8.88 3.58 1.00 0.09 1.83 1.62 1.02 0.57
L40 84.94 7.84 2.92 0.30 0.05 0.55 1.12 0.93 1.02
L41 80.90 9.79 3.33 1.19 0.03 2.00 1.01 0.76 0.49
142 85.75 7.25 2.76 0.20 0.02 0.75 1.25 0.98 0.90
143 85.63 8.55 2.31 0.20 0.02 0.60 0.38 1.22 1.02
Average | 82.57 8.50 4.11 0.72 0.03 1.10 1.00 0.90 0.89
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Table 2: Weight percentages of Si,Al and FeT (Total Iron) in the Palaeogene Disang —
Barail Transitional Sediments.

Sample No. Si Al FeT
L1 83.000 13.000 4.000
L2 81.889 12.475 5.636
L5 87.255 9.085 3.659
L6 88.536 10.191 1.273
L7 85.988 12.102 1.910
L18 90.575 7.080 2.345
L23 84.517 12.903 2.580
L24 88.366 8.311 3.323
L29 85.430 10.597 3.973
L30 88.387 10.323 1.290
L31 82.405 10.509 7.086
L33 87.837 8.108 4.055
L34 88.608 9.494 1.898
L37 85.988 11.464 2.548
L38 83.793 12.109 4.098
L39 86.045 11.101 2.854
L40 88.131 9.592 2.277
L41 85.204 12.156 2.640
L42 88.970 10.346 2.156
L43 87.869 10.346 1.785

Average 86.439 10.491 3.069

Table 3: Ratios and Log values of some ratios of the oxides in the Palaeogene
Disang — Barail Transitional sediments.

S.No. | Si0,/Al,0s | TiO,/ALO; | Fe,0s/K,0 | K,0/Na0 Log (Fe,05/ K,0) | Log (SiO,/ Al,O;)
L1 9.01 0.11 9.63 0.82 0.98 0.95
L2 7.74 0.03 4.54 1.11 0.65 0.88
L5 1131 0.04 3.77 1.19 0.57 1.05
L6 10.12 0.13 5.47 0.59 0.74 1.00
L7 8.08 0.06 2.94 0.91 0.47 1.00

L18 15.08 0.03 3.29 1.35 0.51 1.17
123 7.67 0.08 4.87 0.73 0.68 0.88
L24 12.54 0.18 6.46 0.92 0.81 1.09
129 9.20 0.12 7.26 0.86 0.85 0.96
L30 9.71 0.14 1.34 1.35 0.12 0.94
131 9.24 0.02 4.66 1.88 0.66 0.96
L33 12.07 0.20 21.57 0.50 1.32 1.08
L34 10.63 0.09 5.68 0.62 0.75 1.02
L37 8.75 0.09 11.86 0.47 1.06 0.94
L38 8.16 0.02 3.39 1.51 0.52 0.91
L39 9.14 0.11 6.28 0.55 0.79 0.96
L40 10.83 0.03 2.86 1.09 0.39 1.03
L41 8.26 0.12 6.79 0.64 0.82 0.91
L42 11.82 0.02 3.06 0.91 0.48 1.07
L43 10.01 0.02 2.26 0.83 0.35 1.00
Average 9.96 0.08 5.89 0.93 0.67 0.98
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GEOLOGICAL MAP OF PART OF
NAGA-LUSHAI-PATKAI HILL RANGES

AND ADJOINING AREAS.
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FIG:5 GEOCHEMICALCLASSIFICATION OF THE
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CHEMICAL COMPOSITION OF THE PALAEIOGENE DISANG-BARAIL
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ANDDUTTA, 1986).
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